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Final Report Oil
_*TsD_I_LOPRF_T OY nOT GAS L_ _NSOR

30 June 1963 - 30 June 196%

REC Report 76_8

in a speoially designed package meet4 the rigorous requirements

of RASA Contract NASS-5_I. This contraoi is entitled "Develop-

meat of a Tranmduoer to Measure Hot Gas Leeks from Flanges and

Seals in Plumbing of the Saturn Vehicle." iThe primary problem

was the t_ermal isolation of _he sen_ing element and the elec-

tronico from the high temperatures of _he gases and the environ-

. meat. The required isolation from the temperature of the gazes

: iz obtained by an annular, countcrflow hea_ ezchanger system,

The required isolation from the environmental temperature ie

obtained by insulation and by low-conductive attachment o_ the

_5 canning element and eleotronicz to the bass of the unit. The low

# temperature requirement is accommodated by the use of controlled

heate_8 on the gas heat exchanger and on t?e _loctronics package._

Vibration requirements _re mot or cx©eeded _hreugh proper

mecha.ieal design of the compcnent_ _nd their u_zembliee.

I. INTRODUCTION. Conventional leak sensorz (or mass flow

sensors) are not suited far measurement of hot gases of combustion

primarily because _f the high t_mperatures involved. ._o approach

taken here is to use a standard mane flow zensor and package it no

_hat the temperature effects are minimized.

-I-

.ll I _ ::-z_;_ i ...... :: _: - ".... II!HI' i _--"-1 JlW
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This report will delineate the requirements, discuss the

genePal approach take_ and describe the _pecifio d_aigns of the

various components, Probltms and their solutions are discussed.

J

specification, art then given,

I
2. R_oIEEI_FJ_rS. Leaks f_om flanges an_ seals in the plumbing

of the Satu_ Vehicle will be directed through a leak measuring

I transducer and then overboard. The transducer must =eet _he require-
meats and withstand the environments listed below.

1. Gases to be Measure_:

Liquid Oxygen - RP-I comb,Aeries productr.

Liquid Oxygen-Liquid Kydrogen combustion products.

2. Temperature of Ga_es:

l LOX-I_I: 650"C to 925"C.

LOX-_I2: _O0"C to 705"C.

_. A_bient Temperature of Transd_eer: -155"C _o +7_*C
normally with an exposure to +815"C for _ m_nutes.

_. Ambient Pressure: 700 mm Hg tc ]0 -_ mm Hg.

5. Flow 1_atet

Ii 0 _o 1000 standard cubic centimeters per mivute, and

0 to 200 standard cubic centimeters per minute.

i 6, Output|

0 to 5.5 millivolts _or 0 _ 200 sad ee/min.

I 0 to I0 millivolts for 0 to 1000 sad cc/mlnt and con-

_inuously in©easlng fr_ 200 St6 cc/_in, to I000 Std

I ,- cc/_in. Output Impedance shall be le_s than 500 elms,
7, Power: 9 _atts cr less,

I R_C B#pert 76_8 - 2 -
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,, 8. Input_ 28 _ 3 volts DC. %
a

9. Physical Size: Lesm titan 60 cubic _nch_s and 2 ibs,

]0. Time Resppnee_ 700 _illisecoud;, er ieee for a 63,2_

6top change in input flow rate.

il. Vibration: a) Random noise wi'_h a band vtdth of

20 to 2000 cps,

b) Rando_ noise motion of 26.0 g _S _or

_ eecoude and 16_0 g lfit_ for a period

of 18Q seconds.

12. Accuracy: _ 5_ full scale.

13, Attitude: Insensitive to attitude change.

1_. Calibration: The transducer shall have a calibration
curve _hat i_ valid under any one or all of the

: onTironmental conditions set forth above.

15. Back £reseure: Less than _ psi.

• 16. Craf+_anship: In accordance with

a) ABtLA-STI)-_ 28B

b)  t FC-PeOC-Ie

1'_o Electr2cal Connector: Bendix 79-7_11_-_P or equivalent.

1_. Pneumatic Connections: _tandard _F 181_C0_o

The above requirements reflect the changes that have occurred

during the program.

19. Warm up time shall be less _han 20 minutes.

_. _N_L _OAC_. After consideration of _lxe problt_

involved, we decided the best solution was to adapt o r existing

m_ass flo_ sensor to the requirements s_ated. This decision left tw_

major problems to be soiree, The gas entering th_ sensing element

_ust be preoondttie_ted and the sensing eloatent and the electronics

paekag, _ust be prot,ctod from high enwtrenmentai temperatures.

lullt i I I I
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The sen_ip" element can inherently withstand a considerable

portion o ° ._e r_quired temperature range. The electronict pack-.
t'

aw- _s d:_igned to also operate with_,n the sensor range. These p.
!
a iacts e_mewhat eased _he problems by raduuing _he saoun_ e_.,hea_ i_

to be yro_ect_d a_ainsto
The inoo_ain_ gem is _recondltioned by an annular, count_rflov

I heat exchanger, The envlronaent_i temperature range is aeeo_od&te_

by iusulation, size of the outer houel'_g and • low neat conduction

attachment of 'the sensor _nd electronics to th_ external surface o_

the transducer. Heaters on the sensing _le_ent and on the oloctroni©s
take care of the required low _emperatuPa ranges.

[
a, .S. SQR.DZSIGN.

_.1. __.:_o#...,__, The ,t_£gn p_oblem was to

Ii adapt the REC sensor _ _et _he _evere environmental _ requlrement_o
The major items _squ_yi_ solutio_ w_re:

I 1. To pr_de h_gh _e_perature environme_ .... '_tectien fo_ _'

the electron_o_ pa_k_ _nd sens_n_ element. '_

[ 2. To _her_._y pr@oond_tlcn the gas _ _.-.g at up to

l 900"C to the op_rating _-:_ _ature of the lea_ _,- , : de'_ice.
_. To heat, with _ .t_ _ :, _lee_ronics

I package and ¢_ _ensor asne_bly t_ _C _ a_'_, _hen the ambisut *

temperature dropped belo_ 0"C.

I _._. G_s Pree_n._d_9_er Desl_.

_.2oI. _._._. The requlrenonts of the gas prec_tloner

are

N
|

e
v_
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1, Limi_ the te=pora_ure (up to 900°C) o£ the incJning '"

gas to !_C _ _0"C when It _ters the =6nsl_g ele_snt,

i, 2. Naxiaum effleloney.
&

,: 3, U!ni_,_ weight and _Ise.

g. Mluimum pressure drop.

_.2._. D_QL_. To meet the req_trenonts Jf size al_a good

: vib_atien capabilities, a _v_nterflov type of heat _xchanger _ae

•! deoiied upon as _howu on tb_ interior oonstructlon dl'awinl_ (Pig, l), =

, g.2,2.1. Assu_vt_n!. The g_ _roDAr_l____-_ _e aesu_ed to be

) the same es ©argon dioxLde. This oonstltueut eft _he combustioa

! produets of R_-I fuel a_d liquid oxygen has the highest denszty i

ant spot!fir heat and hence would have maximum heat rejoctten. _y

making thi_ asseuptl, on, we arrive a_ a conservative length for the

heat exohan|er. Th@ mass flow rate Is assumed to ge 1000 std oe/ein

fo_ the following ealoula_!ons. A ©_voniont tube vlth a_ Auternal

i diameter of 0.1616 cms an_ a wall thickness of 0.0_08 o_ i8 _sed _n

"' the ea!culatlons.

_.2.2.2o __n_. To det_rmine the length of a counter-

flow type of heat _xoh_ugeT, the following must be oal_ulated.

1. The inner _lln ¢oo_ftcient h 1

2. The best transfer _oe_fieient through the tube wall, h_

3. 'he outer f_lm eoe_lelont, h3

_. The average beat transfer eoeffi_len'_, hay

_. The heat reJeetien rate, q

Th_ _Aoe of the proper eq_=_ton for the Inner film oo. Jfielent

determination depends on th_ type of flo_; turbulent or _aminar,

REC _port 76_8 - _ -
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The flow L¢ turbulent if the Reynolds Number is greeter than 5000.

I N_ ur_a_ thorsfare first de_ermine the Aeynolds Numbe_, Re. Using

th, _quatien _g - 7j_--V/_T d2 (_

I where _/ - Ve.ocity in on/mac

V= Volumetric flow rate - 2_58._ oc/mln at gas

I temperature of 700°X__ Constant _.142

l d _ The internal die_eter = 0.I0i6 cm_
the velocity of th_ gas floviug through th_ _ube was datelined

I to be _6_.11 ems/soe.

The Reynoids Ntuaber wan calculated using *h_ following equation,

| (Ref. 2), Re - (2)

whir, Re - Reynolds Number /

*p _ PQnel_y ,ooo766 gem/ca at 700°K

I ?/ - Velocity - _6_2.11 cm/sec

d _ Internal dLameter, 0.1016 cme

I *_ - ¥i_costty - 0.0002_2 p_ime.

i The Reync_dv Number, Re, - 1_o9287x103. $_nce the Reynolds Number
im much higher than 6000, we can positively _aoume that the flo_ 1_

I turbu!en_ through the tub_.

The inner fil_ coe_;icient_ hi, te determined by the equation

i (Reference 3): h I = (Nu d x K)/_ (3)

_ _ " whore h1 - _c in_er film heat transfer coefficient
Nud - The Nueeelt Number

I K - The thermal conductivity o_ the gas; _nd
d = Intor_] tube diameter.

I _ The values are covsidered at this mean average _emperature of
700_K.

REC Report 76_G - 6 -.
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The Nusmelt Number is detoratned bl thm following equa_len

(Referlnce 1) for turbulent flow:

Nud 0.0396 (_d)-_/_

where _e d = Reynolds Number = 16.8968 x 103

Pr _ Prandtl Number - O.bTO (V_lue given for carbon
dioxide at 700fK)

A = 1.5 Pr -1/6 = I._7 at 700°K

This gives Nud - g1.7679
t

Using this value in Equation (3) am well as tke following:

' K _ 0_0005 watts/cm'K aZ 700°K

• and d = 0.1016 cm

) we determine the inner film coefficient, h]. , to be o2951131 _'agts/eK Cm2o

The heat transfer through the _ui_e wall is fouud hy u_lng the

following equatlen (Ref., 1):

h2 - X
i 1--_( ro/r i)' r •

: where h2 _ Heat transfer coefficient throt_h tube w&ll

K - Therwal conductivity of the _aterisl of the
tube _ 0.16J watta/ea *K,

r o - Outside radius in cms - u,l_21 oms, an6

r i - Inside radius in one - 0.1016 e_s.

: The r_aulting hast transfer _eefftolent, h_ . 2_.958 wa_ts/'K c_s 2.

The deterntnation of the outer film coefficient again depends

e_ whether the flew te lmal:_ar or turbulent. We therefore nuet

R_C Report 7_8 - 7 -
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determine the ReynoldJ _u_ber, U_ing _quaticn (_ etnce the _elooit T

t ia the same, we can calculate _he Reymold_ Nu_.ber for the outside

diameter Gf 0,I_2_ ¢Ls, This gives a Reynolds _uaber - 2_.3%5 x 103 ,

Thlm ,;m_n _a poei_iyeiy _urbuien_ flow and henoe the euge_ film

ooeffleient _n be calculated using the following equatien (Ke_. 1):

o.o296p c % (_)-°'2 (6)
h_ - 1 �2,12_-0,1 A (Pr-l)

p ._ Density - 0°000766 gm/©M 3 _t 700°K.

C _ Specific heat = 1,05 watt see/gm_K at 700°K.P

lie Reyuold Number 22.393 x 103

i Pr - Pran_tl _mab_r - 0,67 at 700"K
•_ - Y_locity - _6_2ol! _se/_ec

_ = 1._ _r -1/6 1._7
i

The selu_ion of _qu_tiCn (6) gives:

| oh_ - 0,023997b watt/"K cm'"

t _he average hea_ transfer e_ef_ic_ent van now be calculated using
the £ellewlng equation (Referene_ I):

i 1 I/ha"" I/hl �l/h2+ 1/h} (7)

h = ,015125 _att/°K c_ 2

The quantity of heat rejected, QA' by the gas per degree Kelvin

' temperature difference (Reference 1);

q . (v_%)/6o (s)

where V _, Volume flow rate - ee/mln - 2258.g

I _ - l)_nslty gm/ce - ,D00766 at 700°K
C = _pecific heat - 1.0_ watt sec/gm "K at 7_0"K

P

I .
_C Report 76_8 - 8 -
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Solving £qt.atior_ (8) gives
5

At 700°K Q = 0,50272 wx_h conditions at 700°g

Using those valuee in th_ following equation, (Ref. 1):

aT

where d - Tube dia_e'¢er

h - Tu_ length

we obtain a length L for the heat exchanger - 6,27, ag 7UO°Fr;-

A length of _ _m _es chosen because £t was convenient to

spiral the he_ e_che-uger within the housing o_ the eene_r (Fig. 1).

The prussu_e _rop for the heat exchaugor wee astina_ed using

the following equation for turbulent flow through tubes. (Ref. 3)t

. o.o7s o2 x lO-9 5 (lO)
P

where A _ Pressure drop in pounds p_r square inch
P

V = Flow rate - 2258.g cv/_ln_

p - Density a_ standard oondittone - .000766 gm/cc

d - Internal diameter - 0.1016 ¢ms.

Thi$ gives _ - 0,8g pounds par square inch.P

Thim is the pressur_ drop for one pama _e this is a counterflov

type heat exchanger. The gae passes through t_ice and he_ce the

total _reaeure drop equals %wo bimes the caLeulate_ value or

I_68 Ibs/mq inch.

g.3o ThQrua__Ieolation. The el_¢troni¢_ package and ;ho sensing

eleaeut _uet be pro_ected fron a _-_inute oxpoeure of the eo_ple_e ,

unit _o an _xternal tonperature of 81_®C. The solution of th/e

proble_ vae to provide _nough the_al lag between the ou_eide of the

R_C Report 76_8 - 9 -
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case and the inside critical compone_t_ _o that the temperature of

I th_ components inside would be within _he operating specifica_ione.

The calculations were ba_e_ on the Yaot %hat th, _zt_rnal

! surface of the sensor package woul_ be h_,ated by free eonvectiOno

I The maximum cylinder d,a_ueter that wo_:id fit within +he mo_!ng
hole dimenaiens l= _5 inches. The c_lcul_ionm conei=_ of

I determining the a've_age hea_ transfer coefficien_ t_ the package

(Ref. l) and fren that, the Bio_ Number (Ref. _)° Usin_ the

i temperature reep_ns, charts (Ref. _), the time _uration require_

, ! to raise the temperature of the critical components to 12_'C when
_he ambient temperature i8 suddenly raised to 81_'C from room

I temperature wae determined.

The average free convection heat transfer _or a cylinder lying

I horizontally can be estim_ted by eoneiderin_ it as a vertical wall

i of length 2._ tines the diameter and then _ultiplying the heat
transfer obtatne_ by &/_ (_ef. 1).

I The cylinder diameter is _._ inches and hence calculations

will be made for a vertical wall of 8.7_ incht'_ _o1_ _he following

I equation, (l_ference 1)_

s_vx _

where Gr - 6rashof Number

I g = Acceleration of gravity - _2.2 ft/cee _

_ - Expansion nocffielent - 1/T e
_/ - Kinematic viscosity 1_7.8 ft2/_ee (Val_ from

_f. l)
_/v = The temperature difference between the boundary

layer a_d mabient . (i_OC-70)®F.

I ' RF_ Report 76_8 - 1o -
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x - 8.7_/12 ft

• _his gives a Gr_shof Number - 1547.7006 x 104.

_hc bo_ary layer iv laminar because the Grashof Number is

lezs than _ x 108 and hence _ san use the following equation to

dot_rmino the boundary _aysr thtckness_ (ReforoL_co 1).

- 3.93 Pr -1/2 (0.9_2 . Pr) 1/4 (Gr) "1/4 (12)

8 = Boundary layer thickness, 0.07663_ ft.

Pr = 0.706 (From _et. 1)

Now using the following 9quation, with K = 0.018_ BTU/hr ft "F

the heat transfer ooeffioiont c_n be calculated. (Reierenco i)

h - _5-_ = 0.Olal g 2 . 0.472_68 BTU/hr ft 2 °F (13_i o.o766_5

The average heat transfer ffi _/3 h - 0.62582_ BTU/hr ft 2 "¥.

The Biot Number - (h x r)/K = 1._ (la)T_

yhero _, - Heat transfer - 0.625824 BTU/hr ft 2 °F

r - Radius in ft = 1.75/12

K - Th,_rmal conductivity - 0.062_ BTU/hr ft 2 °F
f_r a Q-felt insu]ationo

To use the temp_ratur_ response charts we must have the dimeneionlos_

temperature ratio which is the allowed temperature rise ever the

actual temperature rise. The allowed temperature rise _s 12_°C and

the aotual external temperature rise £s 81_°C. Therefore, the

_imensi_nlo_s temperature number = !2_/81_ = 0.1_6. Using the tempera-

ture respocse ©hart in R_ference _ of a cylindrical shell of radius

1°7_ Insulated at its interal surface at r _ 0o7_ _ and exposed

suddenly to • uniform temF_rature conveotive environment at 81_C

REC_port 7648 - II -
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at r = 1.75 _, we obtain a Fourier N_ab_r of 0.I2 f_,, a temperature

i _ retie of 0._56 and Bio_ Number 1._. T_ determine _._.o tins, ve use

the following equation, (Beferonee _):

I whore • = TherD_l diffusivity = K/(pCp) (16) .
- Time

N _ = Cylinder radius ,

K = Thermal ¢onducitiTity of insulation - ,,

i 0.062_ BTU/hr-ft-'F.
p - Density - 9 lbs/eu ft.

I Cp ,= Specific heat - 0.2865 BTU/lb °F

a - 0.02_25 ft°/hr

I T, = 1.7_/]2 ft.

We therefore obtain a tim,_,,

O = (Tore2)/_x 60 = 6._Imlnutee,

i This calcula_isn is barnett on the fact that it is perfectly

insulated free the ends of thci=, cylinder. This sstimntton is a

i Kuida_ce fo_ the feasibility of the idea and experimentt,1 yerifi-

i oatisn was carried out as discussed in the next sottish.
_._o til_Ja. _emeeratu_o F_!l'onmsnt Test. This t_st was sat up

to study the temperature rico o_ th_ electronic package and the flow

sensin| element when the ambient temperature was suddouly increased '=

I to a ht_her v_lue, Thermooouple_ made of 0000_ diameter chremel and

i alunel WiTS VeTO _unted on the e_faees marked X, 2, _, and _ as
shown in Fi_are 2. The thermoeoul,_ls o_tputs were monitored usinK

the _quipaent as shown in Flf_are _. The temperature of those surfaes_

I REC Report 76_8 - 1_ -
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Yore monitored every 15 seconds from the t/Ja_ th# package was placed

inside a high temporetu_ oven with s hot convective at_osphex'o (axr

blowing at 135 ft per minute). The result obtained by this test

f

would g_vo us a censsrv_tivs estimate of _he _e_porature rise inside

the package l_ the I_ass of a still surrounding.

The test was performed in thFeo stages:

1. First the step change was from room te 500"C. The

data obtained by thl_ experiment is shews in Figure _. At _ho end

• of 300 seconds, the temperature of Surface 1 was 135"C, Surfaces 2

and 3 were 96°C, nnd Surface 4 was 13OeC_

2. Second, the step was room temperature to 600"C. The

re_ults obtained for _his ru_ are shown in Figure 5. The temperature

roached at the end of 300 seconds by the Surfaces 1, 2_ 3, and

respoetlvely are 225"C, 97"C, 90"C, and 307"¢.

3, Third, the step vras fro_ room to 700"Co The results

obtained by this test are show_ _n Figure _. The temperature roached

at the an4 of _00 _eeonds of Surfaces 1, 2, 3, and _ respectively

are 312"C_ i_0"C, 200"C, and _67"C.

The S_rfaces I_ 2, and 3 are the ones inside which the package

is looats_ and these surface temperatures were _uch hi_her than their

i designed WitlUe _f ]_'C.

From _l_ho above discussed _esults, it was obvious that s

red, sign w,,s necessary. A _ovlsw of the design showed that mos_ _f

the host was being conducted up through the mounting structure. A

Fedesign yes made reducing ihe ares of contact _Ith the bsseplste.

i This redesign structure is shown in F_ure 7

"i _C _pert 76_8 - 13 -
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A high temperature environment test wam run on this redesign mode1 for an

I ambien_ temperature change _rom room to 7O0°C. The res_lt_ are 8hewn in Figure

8. The temperature at the end of 300 seconds of Surfaces Is 2, 3, and _ are

1_8oC, l_0eC, 153eCj aud 575°C respectively. The resurge were encouraging in

thi_ _.n because the critical Surfaces 1, 2_ end 3 stey,d as low as 105°C_ 1090C,
• n_ !20eC _ _e en_ of O?f_ a_enn_ The mounting structure was further cha_ged

| to have deeper notches and the surface area of contact with the base pla_e was _

further reduced as shown in FiEure 9. The bread board _odel that was tested

I at NAS£ labs had such a _csign incorporatedo The _nit was examined after the

I test and the delicate electranics package had survived _he high temperature en-
vironment and was also in working condition. This test confirmed that tJae heat

I insulation was more than adequate for the eleetranics package. The design it-

self was intended only to protect the package _uring this short duration and

I we can conclusively say _hat the housing design ia the optimum design.

i _._ Mountin_ Designs The mounting design had to take Into considera_-n
the maximum vibration capabilities and also provide a minimum leakage path for

I the heat to flow up to _he sensor package.

The obvious solution was to _rovide a minimum contact surface to the base

i as _hown in Figure 10. '_+

i An experimental mock-up was resonance searche . The sensor and the voltage
regulator are mounted on the base plate as sheen in _igure 10. Thin _tcucture

has been resonance searched at 20 g*s level _nd maximum displacement of 1/2
inch in the horizontal axis. _o resonance was noticed below 2000 cp_. This

I test was carried out with a mock*.up model.

i _._ Houeinj_.Des_e.q_. The pr_me objective in the housing design was to

make it large enough to provide enough insulation and also to _ak, the wall

thickness heavy enough so that the walls will not burst due to the pressure

build-up inside the housing.

Calculations were made for the wall thickness of the housin_ case as

i shown be_ow. ,,
REC Eeport 764B , - 14 -
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_ The equation for the hospstress - Pr/t, _d longitudinal

mtress = Pr//2t

where P - Interna_ pressure = 5q psi {at 815"C)

- r - _adius 1.75 _

t - Thickness in inchew,

The ultimate s_ress at I_00"F of 30& stainless steel = 5000

psi. The required radial thickness from the above calculation is

• 0.0192 _. We have chosen 0,062" wall thickness.

the end cover thickness calculated to be 0.01" and we have

chosen 0.062" ae a conservative estimate.

The breadboard model was built using a square configuration,

Fi_ars 11. The ou_side walls bulged when subjected to very high

temperature. To confor_ with the theoretical work dons on the

cylinde_, finalised engineering models wor® housed in a round can

as shown in Figure 12.

5.1. _9._n Preb!ems and Difficu!t_O%. The low temFerature

perfol_nan_e of the leak sensor _as a major problem which led tc an

extsnsi_e design change. The leak sensor and the associated piping

could Set down to a temperature of -15_'G. At this low temperature

i the principle products of combu_tion (CO2 and H20 ) freeze. Therefsre,

! when the hot gas cones in_o the leak s_sor, it would condense and

freose and ns measurement would be possible. This is net a major

problem with the extern.l eubinz bseause the _ubing is exFeeted to

raise in _smpersture by 2600C in _ seconds as the environnent becomes

hot innodisttly upon s%art-up. The sensor has much 5_eater mass than

EEC Report 76_8 -. 15 -

m ,m_ ,_ I I Illl Jill IIII II l ' _ .... ._,_ I

1965016476-020



!
the extcrnal tubing. I_ _c placed inside = box packed with Insula-

tion to protect the e_eotronies from the 815"C expos,_re and hence

i will not raise £_ temperature as lust as the e_faoe of the box
does. To overcome this proble_ it _as decided to use electrical heating

t© raise the tempe_ate_s of internal t_bing a_d gas pre-oonditiontnl

accessories to above 0°C. A design was arrived at giTing the mass

I flow sensing deTiee _ud ga_ pro-conditioning system a weight of 30

i Kms. This low weight design w_ll make it possible to raise the
temperature by I_'C with the al_owab!e power and walw_-np time. This

! design introduces another problem th_, in the event that the •

temperature of the sensor is at 7_0C to start withe then during the

wazst-up timi the temperature of the system would go much nigher than

what _he electronic component can tak_ or if the warm-up time t_

much greate_ than 20 minutes, excessive temperature could result.

I As a solution to this problem nn on-off teeperature cont_¢l devise
was used. This is described in the section on ,electronics.

6. BLP_TRON!CS, The design goal_ which were originally

¢peoified wore _e follows:

i I. _.

Vim - 28 _ _ volts.

llo_d - 56 u.

Vou t - _0.00_ volts _Veu t = I_ u_'.

R_ulatlon - 0.07_.

!
I Vim - 2_ vo_t_.

Iload . _6 _ _ ma.

I
_EC Report 76_8 - 16 -
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You t = 20.000 Tolts AYou t - 1_ my
L

Eegul;tio, - 0.07_

_. ross _ o.!_.

•; _. _- !_ or 200 !_.

? = -1_5"C to +75=C.

5. _._ut _00vtpu_ I)C IIolat!on _lso R_quired. w

_?o be considered throughout the design of this piese of s£uip-

llan_ w_ts the small package mime. The small package size implie_

simplicity and shall component size.

Th_ original design consisted of a 1KC oscillator and bridge

fo_' DC illolation a_,d a single differentially o_erated, series

reg_latto_ stage. Tke _-anslstors were germanium because of the l¢,w

temteratu_e requirements and the positive l_g of the _upply was

re_vlated.

J At thi_ point in the design, th_ biggest problem was select/an

of tr_Jtstor_ _hich would operat® at -I_'C. Svfore that circuit

coul_ be f_nal_zad, the design criteria was changed tc exclude tSe

DC isolation. The regulation of this circuit did not _set the design

crlteria_

• ith the _olation requirement removed, • second eta|e o_ regm_

lation was added and more work was done on component melection on
|

f the basis of low temperature operation. It was found that a GE 2Nll8]

w_u_d operate e_ -I_'C. The gain of this transistor was greatly ,

reduced a_ th_s tompea'atnre. The regulation and _emperaturs drift

of this circuit w_ts greatly improved over that of the first circuit°

Operation at -I_*C _as still _t satisfactory.

RF_ _eport 76_8 - _7 -
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!
Ali the co_ponent;J _ould not func'.,on ove_ the entire ambient

i temperatur_ range of -i_5 to _75aC a heater circuit was added te the elect- !

tonics assembly_The transistor_ and sensors were _ be heated from

! -1_5"C to 0_C. Heating of the transistors req'_ired that they be

This chau_e necessitated a change in transistors. The _tsnsls-

! tore were changed to a _ilicon type to withstand the high operating /

temperature req_ti_ements. The u_ of silicon transister_ led to the

[• regulation of the negative leg of the supply_ Output vol_age drift

was to be lees the. 1% with an ambient temperature rise of from O'C
to +125"C.

Our problem in the design cf this circuit was poor lead regu-

lation. One approach to improve the load regulation was tc increase

the closed loop gain of the system by adding the additional stage of

a_plifi_tion and using a Darlington pair for the _erles red.later. !
_his approach did not help appreciably. T! problem was solved by

adding a small resist_nc_ in series vith _he regulated leg of the ?

supply. Either positive or negative regulation could be achieved

[ by varying tni_ resistance. The cross-over point is eele_te_ for
i

operation. This resistance is adjusted when the electronics package tis mated with the sensor.

I To this circuit, a heater control circuit was added. A bJmetalic

temper&furs controlle_ _as intended,but to ensure i_sensitivity _o,vibration,_

"' I a solid state switch controlled by a thermistor was used. Parts

to be used _cre suggested by NASA. A type 2N171_ transistor was

|
i REC Itep@rt 76_8 _ 18 - _
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used instead of _ type 2N!718 because of case _izeo This ae:ies

of tra_si_tor_ _as found to operat_ at -160°C but with a loss in

gain o_ abo_xt 75_.

After the bread board mod_l ,ns submitted for approval th¢

specifications w_re cha,_ed to i_clude input _o output DC isolation.

Tbi3 was ac_o_plishsd by adding a 2KC oscillator and full wave rectifier

to the e_isting circuit, mm_
i

This change _eces3itated so_e changes in the zegulatcr conpo_nt

values and complete redesign of the package and printed circuLt

boards.

A problem area i_ packJ&in_ the supply _as selecting a nuttabl_ _,

potting ma_erialo The material selected had to meet the following

requirements. (a) It had to be relatively light we!ghto (b) It

had to be a poor heat conductor because of limitations and availabl_

heater power. (c) It had to withstand, without deterioration, 'the

= extreme temperatur._ variatlon_ imposed on the equipment. (a) It

: must have a neglig_ble coefficient of thermal e_sa_ion over the

ent_z _ ,_peratin_ range, (-155°C to +125°C). (e) 1% mus_ not expand
2

or co_tract appreciably _hen being euredo

A suitable combination _ found to be _M glass beads and Dew

Coming Sylgard 182 potting compound. Vacuum potting was used to

combine the two.

The final cirouit diagram is Figur_ I) (REC I_g 550-15).

Th_s circuit hae the following characteristics:

.Load Regulatio_:

Vin - 28 volts

I L = 56 _ 5 _a

REC Reibort76_8 - 19 -
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|
Veu t - 2U.O00 volt_ _ i _v

Regulation - O.Ol_

L_n e _e_ulation:

I " Vtn - 28 _ _ volts :

I I L - 36 sa

Veu _ - 20.000 volts _ 1Av

i Regulation = O_Ol_

_._s - o,o1_

I _._ The thermal drift of the output voltage o_er the

I temperature rang_ of O*C to _12_'C is lees tban 0o7_.
To provide an operationa_ ©he_k point for oa!ibratien _hoeks

the necessary points on the bridge will b_ brought out so tha$ vhen

a calibrated resistor is conneeted across Pin C and D, t_e leak

s_nsor will have a positive output.

I 7. VERIFICATION TESTS. The following tests were performed on
the coJ,_leted breadboard unit to verify the design.

' 7.1. _$!ibratien.

7.1,1. _om Temperature, The calibration me_hod is the

I collection of a known qu&nttty of &as tha_ is flowing through the

• [ e_sor and the time required mea_Jured using a stopwatch, using th¢
set u_ showu in Figure 1_. Usin._ this dat_ we _.tain the o¢/sin

flow rate of thv gas. _he baro_etrt¢ pressure an_ ambient tempera-

ture are measured and using this valu9 the cc/min Is converted into

i _td o_/m£n. The conversion factor for sod oo/min air to the std

©e/nin o_ _hot gas" (referrtn_ to the spooified mixture of combustion

products)will be

I REC Report 76_8 - 20 -

!

1965016476-025



(_ P,td conditions / tlot Gaz (Std cc/min of hot gas)1Std cc/min sir - Y air
Pstd conditions j

1Std _c/min air - !,0803 Std cc./min I[ot Gas

The data obtained by calibrating the sensor at 25°C a=bie_t an_ gas

temperature of 25_C is tabvlated in Table I and a plot i_ shown i_ Fig,16.

7oi.2 Hot C_libra_ion, The sensor _as c_librated with thc ambient

temperature at IOI°C a_d _as temperature at 29"C. The data obtaxnea

is presented in Table II at_d a p3ot is shown in Figure 16,

7°2. Ti_e Condtan_. The time constant tes_. set is as shown in

i _iKure 15. Using this set-up we ce_ rh_nge _he flow rate from one

value to ancther_ Valve 1 is cracked open so that we g_t a par_,icu-

!_r flew rate through the sensor. The flow velocity at _h_ exit ef

the Valve 1 is sonic and hence any further lowering of the dewnstrea_

_ pr_ssare mill net change the mass flew rate. Then Valve 2 is cracked

open _o that the output of the transduce:" drops by a predetermiu=d

; amount. N_w by suddenly opening or closing the inlet ef Valve 2,

a ztep change in flew can be simulated. The vol-me between _be leak

sensor and the va!vo is kept _o a minimum ao that the p_ttmatic _ime

constant would be very fa_t compared to that of the leak sensor.

: Using this math©d the time constant was measured for various s_ep

changes. The data eb_ins_ is shown in Table III.

i 7._. _. T_o _,ensor was vibrated at zero flew at a

vibration level of 10 g's sine wave and 0.5 inches m_ximum maplitude

through a frequency range 5-_000 cps, _ minutes up shd _ minutes

down in the horisontal axis and vortical axis. An error ef less

than 2_ ef full scale resulted between 8 _td 200 opa _nd the unit

was stable through the rest of th_ _requensy band,

l_C Report 76_8 - 21 -
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7.4 __vit__v. _he sensor was checked for

_titude sensitivity in all _ three axes, The sensor was placed in

each axi_ and ch_c_ed for charge in _utput. No art!rude sensitivity

was noted.

7._ Yhermostat Control Test. The sensor w_s taken dean to

the Cemperature of dry ice and then the poer _s switched on. The

" current drawn was i51 ma and i_ a period of !_ _inutes the current t

_a_c _c_n _c _ _!_e of 53 ms. This indica_,ed that the control

circuit _as in-ope ation. This test was performed to teat starting

_ capability of the electronics package at dry ice temperature. In

actual use thi_ power would be turned on when non.or is at ambient

conditions and then the temperature would be cycllng cold and

I as far low -155_C but the heater will not allow the
going a_ temp-

erature of the package to _et down below O°C.

I 7.6 Pressure Dr_p. Using a mercury manometer_ a pressure
drop of 3.92 psi wan measured across the sensor with a flew rate of

i 1000 std cc/min of air.

7.7 One hot gas unit was calibrated wit_ b_t _ir at _00 ° , _OO°C,

70OoC and 92_eCand the data obtained is plotted in Ftgura 17 of

this report,

8, N_ T_C_OLO_. _ report (REC Report 2613) el N_

Technology i_ given in Append_ A.

I _. FINALIZED _PECIFICATION_. The finalized spec,fication_ :are shown in Figure _6, REC Specification Drawing 12_D.

t
!
!
!

i

!
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I , Rooa Te_p_rs*.ur_ Calibrationgedel _2_D, s/N _o..6

Eaes Fl#w B,s*.e Output

929.9 10. _

859.7 10.22

i 765.8 9.9_
706.1 9.72 '°

I 608.3 9.31
_9.5 9.03

_74. O1 S.62
_3o, 1 7.6

i 262.3 6.9513905 _o_i

63,9 2.33

I 0 .61

l
I
I
I
!
I
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T&BI_ II

_ glgh Temperature Callbr_tlon
_odel 12gD, _/N JIG-6

f

Mass Flow }_te Output
S_d oc/ain Ai_

7_. 5 9.55

_'. 70006 9.38

635,7 9,!1

58oo 3 8.8_

532°97 8°6

-° _6.9 8.13

31106 7,06J

2gO._ 6._2

164.2 _o88

69.0% _.I_

i o .51

i
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|
!
l TABLE Ill

TimeConstant

i _odel I_D, S/N HC---o

I _td cc/mia Air Set,ride

3_ 1_o 1.7
75 2_0 1.15

I 19o 1ooo o.7_
35 looo o,7

|

I
I
|
!
i
I
!

i
!
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l %his is _ d,_velopmea_ pro_r_a ].=woiv_=_ proprietary
p_'rogr_

ce_ee_s _,i ee_nent_ that have bee_ _velepe_ _ud _reven _-r_vlou_

pFeprietary _,te_m to _et th rig_d _ digficult requ.iremen_ ,_e%
for_& _y _, FL_tO 1 shows, in a s_h_ma_e nu_n_r, the paek_in_

,_,_ th_ _it are _llled with _-felt in¢_lati_g mate_tsl,

__ _, The proprt_ta_'y ites_, _egerriu_ +o Yigure 1,
! iS th_ fi,_v Hm_In_-elemont. This is o,nsiier®d prep_ietary me it

._l was levol_pe4 _tth _s_o_at Ilta_iaee_q_.C_e_ f_ an_ o_fered

,__ _thia _o_z_+et, _teriels u_e_, the _mmer im which f_y are pro--
" _ cemmed, _md tJ_e a_ge_ o_ _heoe materials are considered pro-

rte_ary as _o_lned above and in _eneral Fr_vieions, _L_% F_r 247
I-6:), _la**,, 2_, Par_r*l_h (_)..!

91_all Zlew ee_s_g tle_nt lea k_ _e4, _h liner aoltfieatien,

_ _a_z_, _I_ _mtes _er _y _II scale r_a_e _o_s 0 to I_ a_ t_ i
. O-l_O0_ o_ mere m%au_l oe/_ta. ?his _!e_at i_ _Itabl_ _er _e

• in _, &yd_es_ono; gm©etus er liq_t_ air, e_ygeu , nit.gem, hydro-
_a, _li_m, er hot--exhaust Zam_. _ho _lo. son_ing elozen_ _s a

_h_ _ol_e meter was a M£S£ funded _oo_n ang %he_efere in ,

l reperter_ h_reln. _he volte_ red.later and the bri¢_ are well knownelr_,u_,ts _sde _p of wtm._ar4 c¢_penen_e. The keat.r c_n_rol circuit
_" may k'._Te come unlq_,ne_a i_ that it _p*,,_etes _ -l_O'C. Thl_ control

oi_r_/_. _ew_r, w(,_o _evlse_ by MA_£ personnel an_ met develeped on

l %_,_ preg_a_ by Rosemeut _gtne_rin g ¢%_p_ny, the .,fore, At will netb_ elobera_ed upea |,n th_ repe_t.

_ Any other _formati_n regardfng the unproprietary l_eme are
! inelu_ on the enoA.ee_l speciftomt_ _rawing o_ the Leak Sensor 12_D.t

_bra_r. Fi_re 2.
_Y._t_-_" The principle of ep_rm_ion of the c,tlibrmter Im

t_od o_ vel_e_ric dts_._acem_nt of war,or. A kno.n quantity of the

I |a_ _kat is flowing thz_ou_h the sensor L_ eolle_e¢ an,_ time_. Us_ag

|
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chls data, the vo[u_ flo_ ra_e in _c,/mi_ _ ob_,a_n_ Th_n by

r_adi_g the baron.earle pr_re _nd _,ble_ temp_ra_ur_ _' :'"I "

gm_ fto_in_ through _h$ mv_te_ _e b_ _xh_us_ed i_t_ the a_ph_r_,
The ven_ valve J._ opened tP- _ ,.chee,:h i_ eleged _nd th_ _ter
_upoly valve i_ opened. Th_ ila_k, whelm vol_me ham been dvterminod,
im fille_ up _o overflow!n2 of _he vent valv_ The water va!v_ amd
v_nt v_lve are cio_md and l,he pin,_h_eock op_nod. T_ _ate_ valve

a._ _ho _ubm mud th_ _n_._nt oae_ pressurei_ agaln op@_mfi to _"_
to fil! up with _atero _he wa_a_ -mlve is ,_ner clo_e6. The _olou,_id
valve i_ thin m_ergizod all_wing the g_ _o flow _nt_ the vol_m,
/lack. Timing begins at thlm _o_nt_ Th_ output of _hm eenoo_ i_

m_nitored and _poorded. Ti_ing _ stoppmd _h_n Ohm water level
i r_achee the referev_e line on _e glass por_!_ of the flaak_

_o control the inlet prv_sure of the ga_, the operator _ee a
_oore regulator and _ets the p_e_mure u_ing the U_i_e preegur® gags
that _ built into th_ ayste_ The metering valve iz _eed to obtain
various _low ratios.

The volmu of the flask im determined by _he following pro-
_d_re, The operator fills up the _amk am d_scrlbed bmforo an_

i th_ uohooke ."m tubing going ia_o _h_ consent back pressure head,
? open_ the vent valve and draln_ the water int_ a preweighe_ container.

The _a_er is _llowe_ to _rain until the water level re_che,_ the

reference line. This volume of water _ then _eighed usiv.g a pre-
ci_ioa balanae. Tb_ tsmperatur_ of t_o water As _oasur_d and using
the density of _,a_er at that temperature the vo!_e i_ calculated.

Constant back prea_ure head is obSa_ae,_ by adjusting the _pill t
aw_y level _motly in line w_th the pre_t_.'_ned reference mark on
th_ gia_s tub_.

!
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